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Abstract
The primary objective of this research was to prepare various a,B-unsaturated 
organoboron compounds and study their reactive properties. Many (E)-l-alkenyl boranes, 
boronic acids, anhydrides, and boronates were prepared and characterized utilizing NMR and 
GCMS techniques. Numerous attempts were made to prepare 1-alkynyl boronates but none 
of these attempts were successful.
The reactive properties of these a,B-unsaturated organoboron compounds were 
studied via their reactions with nitrones. There is no prior documentation for this type of 
reaction. As a result of this research, three new compounds were produced via a 
rearrangement alkylation reaction between these nitrones and commercially available triethyl 
borane. The synthesis of these new compounds enabled the development of a new 
carbon-carbon bond and a new chiral center. These new compounds were characterized using 
IR, GCMS, and NMR techniques.
v i  i  i
Chapter 1
Synthesis and Preparation of Organoboron Compounds
Historical Overview
The first synthesis of an organoborane was reported by Frankland in 1859.1 The 
synthetic process that he developed for trialkylboranes is illustrated below: 1 
3(C2H5 )2 Zn  + 2(C2Hs O)3 B  ------> 2(C2H5 )3 B +3 Zn(OC2H5 )2
Figure 1
This type of reaction, an organometallic compound with an alkoxy- or haloborane, is a 
general process which is a major pathway for the synthesis of organoboranes.1
During the period of 1910-1930, Alfred Stock isolated and characterized the first
boranes such as B2 H5 , B4 H 1 0 , B5 H 1 1 , and B jo H h . 1 It was not until 1939 that then- 
synthetic ability was utilized. At that time it was observed that diborane and aldehydes react 
to yield alkoxyboranes. Their subsequent hydrolysis led to the appropriate alcohol. For 
example: 1
2RCHO +H2(BH3 )2  >(RCH2 0 )2 B H  >2RCH2 OH  + B(OH)3+H2
Figure 2
This discovery did not immediately lead to new developments because, prior to World War 
II, only the laboratories of Alfred Stock, in Germany, and H.I. Schlesinger, in the United 
States, could synthesize small amounts of diborane. During World War n, H.I. 
Schlesinger and H.C. Brown developed new procedures for the synthesis of diborane and 
sodium tetrahydroborate. 1 This enabled more people to become involved in the research.
Over the past four decades there have been great advances in organoboron 
chemistry. It has become an important aspect in many types of research ranging from 
polymeric compounds and organic intermediates to biomedical research. In all probability, 
the applications of boron chemistry will continue to expand as its usefulness is further 
demonstrated and researched.
2
3Hydroboration
In the synthesis of organoboron compounds, the hydroboration is a preferred 
method for the synthesis of organoboranes because it is experimentally simple, 
stereospecific, and its abilities have been thoroughly examined. 1 The term hydroboration
a reduction of the carbon-carbon multiple bond by the boron containing reducing agent. The 
hydroboration is also stereospecific. This stereospecificity results from a four-center 
transition state that occurs, essentially, with simultaneous bonding to boron and hydrogen.2 
The new bonds, C-B and C-H, are formed on the same side of the starting double bond, 
which is indicative of a syn type of addition. This process can be represented in the 
following figure:2
The addition of the boron atom normally occurs at the less substituted, and less hindered, 
unsaturated carbon and the hydrogen bonds to the more substituted, and more hindered, 
unsaturated carbon. Consequently, the addition proceeds in an anti-Markovnikov manner.
represents the addition of a B-H bond across a multiple carbon-carbon bond. This results in
Figure 3
4There are many commercially available hydroborating reagents that also come in a 
variety of solvents. Some of the most common ones are listed in the following Figure: 1
Complexes o f  borane
e.g. B H j .T H F  
B H j  SMe,  
B H 3. N H 3 
BH j -N H jB u ' / e r /  
BH 3. pyridine
Monoalkylboranes
e.g. ■BH.
( thexylborane)
I p c B H 2
(isopinocampheylborane)
B o r t n n  and thtir Complexes
DialkyIboranes
e.c ((CH j>: C H C H (C H  J l j B H  
(disiamylborane)
BH (9-BBN)
BH
(c>c!o-Cf,H ,, )2BH
(dicyclohexylborane)
!pc2BH
(diisopinocampheylborane)
Other substituted
horunes
eg.
r ^ r - ° \
BH
(catecholborane) 
BH ,C 1 
(monochloroborane) 
BHClj 
(dichloroborane)
•BHCI
(thex>lch!oroborune)
Figure 4
It is important to handle these reagents with care. These types of organoborane reagents are 
sensitive to both oxygen and moisture. 1 For example, an alkylated diborane (RB2 H5 )
reacts with water to produce hydrogen gas, boric acid [B(OH)3 ], and alkyl boronic acid 
[RB(OH)2].3
The hydroboration of an alkene produces an organoborane. The reaction of an
5unhindered alkene with borane-tetrahydrofuran (THF) results, first, in a monoalkylborane. 
If the reaction is allowed to continue, by altering the stoichiometry to increase the amount of 
the alkene, the result would be a dialkylborane and then a trialkylborane. This process is 
represented in the following Figure: 1
r c h = c h 2 + b h 3 ------- .  r c h 2c h 2b h 2 ~ =cw,»
(RCH2CH2)2BH - C-H~ C- ,« (RCH2CH2)3B
Figure 5
The formation of the trialkylborane tri-cis - myrtanylborane is representative of the 
synthetic procedure that is generally employed for the hydroboration of an alkene. This 
reaction is performed by making a solution of (-)-B-pinene and hexane and then cooling the 
solution to 0-5’C in an ice bath. Borane-dimethyl sulfide is added slowly, with stirring, to 
the solution. The cooling bath is then removed and the mixture is stirred for 3 hours at 25'C 
to ensure complete reaction. When the reaction is completed, the reaction flask contains a 
solution of tri-cw - myrtanylborane. 1
The more hindered the alkene is, the more difficult it becomes to make the 
dialkylborane and trialkylborane. Very hindered alkenes enable one to synthesize very clean 
solutions of monoalkylboranes. 1 Thus, the regioselectivity of the borane increases as the 
alkene becomes more sterically hindered. This is illustrated below by the attack of 
BH3 *THF on two sterically different alkenes in Table 1. The increase in the steric 
environment of the alkene provides another method to increase the selectivity of the borane 
reduction.
Another method used to increase the regioselectivity of the hydroboration is to 
increase the steric environment of the boron atom in the hydroboration reagent. The steric 
environment of dialkylboranes is much more hindered than that of borane. Consequently, 
all dialkylboranes are substantially more regioselective than borane in placing the boron at the
6less hindered end of the double bond. 1 Of the many available dialkylboranes, 9-BBN 
exhibits excellent regioselectivity. An example of this also follows in Table l : 1
Table I 
Site of Addition (%):
CH2=CHCH2C1 (CH3)2C=CHCH3
BH3*THF 60 40 1 98
9-BBN 98.9 1.1
9-BBN is much more regioselective than borane.
The hydroboration of alkynes produces alkenylboranes. When hydroborating 
alkynes with borane-THF, the placement of the boron atoms at the less hindered end of the 
triple bond occurs in a more regioselective manner than in the case for hydroboration of the 
corresponding alkene.1 This type of reaction is illustrated below: 1
Figure 6
Dihydroboration products can also dominate (see the diagram above) if the borane-THF is 
used in excess. In order to increase the regioselectivity of the hydroboration of alkynes, 
dialkylboranes are used instead of borane-THF. The results of the change in hydroboration 
reagents can be seen as follows:4
Table II
Directive effects of dialkylboranes
RC=CH PrnC=CMe B u ^ C M e  
BH3  40 60 21 79
Sia2BH -100 39 61 3 97
7Again, a significant increase in the regioselectivity results when dialkylboranes are utilized in 
these hydroboration reactions.
Dihalogenoborane-dimethyl sulfide complexes are used in the preparation of 
dihalogenoboranes. The regioselectivity of the dihalogenoboranes is very similar to that of 
9-BBN. This is illustrated by the following results:5
Table III
Directive Effects in the Hydroboration of 1-Hexene
Relative yields of alcohols, % 
1-Hexene
Reagent Terminal Internal
BHCl2 (pentane) 99.7 0.3
BH3*THF 94.0 6.0
9-BBN1 99.9 0.1
The subsequent hydrolysis of alkenyldihalogenoboranes result in the corresponding 
alkenylboronic acid.
Alkynyl-organoboranes are usually prepared by a transmetallation. The alkyne is 
allowed to react with an organometallic compound, forming an alkynyl derivative of an alkali 
metal. This derivative is treated with an alkoxyborane, which is preferable because it 
contains a relatively poor leaving group4, yielding an alkynylborate. This type of reaction is 
illustrated, generally, in the Figure below:
RC—CLi + B(OR)3
Et20
R C -C B (O R )2 +
Li R C -C B (O R )3
HC1 anh.
ROH + LiCl EhO
Figure 7
8A representative method of this procedure can be illustrated by the synthesis for the 
alkynylborate 3 ,3 - d im e t h y l - l - b u t y n y l -  diisopropoxyborane. In this synthesis, a solution of 
3,3-dimethyl-1-butyne in diethyl ether is cooled to -78'C. N-butyllithium is added slowly to 
the cold solution. Another solution of triisopropoxyborane in diethyl ether is also cooled to 
-78'C. The lithium acetylide from the first solution is slowly added to the second solution 
via cannulation. The reaction is maintained at -78'C for two hours after which anhydrous 
HC1 is added. Subsequent warming to room temperature follows to ensure that the reaction is 
completed. Removal of the precipitated LiCl and the solvent under reduced pressure yields 
crude 3,3-dimethyl- 1-butynyl- diisopropoxyborane.7
Oxidation
In general, organoboranes undergo oxidation very easily. This accounts for the 
necessity to use and handle organoborane reagents under inert atmospheres such as nitrogen. 
The oxidation of organoboranes is very dependent on the steric hindrance of the boron atom. 
The more sterically hindered the boron atom, the smaller the tendency for the borane to 
undergo oxidative reactions with oxygen.
Oxidative reactions of organoboranes are of great synthetic utility. For example, 
hydrogen peroxide can be used to convert organoboranes to alcohols, aldehydes, and 
ketones. A common experimental procedure for the conversion of an organoborane to an 
alcohol can be represented by the synthesis of n-hexanol. A solution of n-pentane, 1-hexene, 
and BCI3  in pentane is immersed in an ice bath. BHCl2 *EE is slowly added to the solution. 
After 15 minutes at O’C, the ice bath is replaced by a water bath at 25’C for 15 minutes. The 
reaction mixture is transferred to another solution containing EtOH, 3N NaOH, and 30% 
H2 O2  and the reaction mixture is stirred at 25’C for 1 hour. The oxidation is completed by
heating the flask at 50’C for 30 minutes, yielding n-hexanol.5
9The hydroperoxide anion is the oxidizing agent that undergoes the intramolecular 
rearrangement with the organoborane. The mechanism of this rearrangement is as follows:2
* R
R,B ♦ H O O '  R - B ^ ) A ) H  —  R - B - O R  -  OH
R
R - O  RO
I- I
R 3BOR + H O O ’ —* R - B - O - O - H  —  R - B  ♦ ' O H
1- ^  I
R RO
o
(R O h B R  + H O O ’ —» ( R O ) j B - O - O - H  - ♦  {ROhB + ' O H
R
<RO)3B + H 20  -♦  R O H  + B (O H )3
Figure 8
Protonolvsis
Protonolysis of organoboranes provides another synthetic means of hydrogenating 
double bonds or adding hydrogen to alkanes. An experimental methodology for the 
protonolysis of the alkyne, 4-octyne, is representative of this process. A reaction mixture of 
4-octyne and 1,2-dichloroethane is cooled to 10-15’C by a cold-water bath and neat 
HBBr2 *SMe2  is slowly added. After the addition of HBBr2 *SMe2  is completed, the
10
reaction is stirred for 15 minutes at 10-15'C, followed by 30 minutes at room temperature. 
Glacial acetic acid is added and the reaction mixture is heated to a gentle reflux for 3 hours. 
Then the mixture is cooled to O'C and neutralized with 3N NaOH. The reaction yields cis - 
4-octene. 6
Such reactions proceed with a retention of configuration through a probable cyclic 
transition state. This transition state is demonstrated below: 1
R2 R3
R 1\  /
 H
r 7b b
\
c 2h 5
Figure 9
In the case of alkylboranes and trialkylboranes, the boron atom is easily removed by 
carboxylic acids and replaced by a hydrogen atom. Thus, protonolysis of organoboranes 
provides another useful route for the hydrogenation of carbon-carbon multiple bonds.
Reduction of Funtional Groups via Hvdroborates
Hydroborates are very useful in the reduction of organic functional groups. 
Hydroborates behave as nucleophilic reducing agents and, accordingly, attack highly 
electron-deficient centers in a molecule. 1 In general, hydroborates reduce the following 
functional groups, in order of decreasing reactivity: acid chlorides > aldehyde > ketone > 
ester > amide > alkyl halide. 1 On the following page is a representative list of boron 
reducing agents: 1
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Not all of these reducing agents are effective in the same solvent. For example,
1 2
LiBFLj. is generally used in ethers and NaBH4  is generally used in alcohols or aqueous 
solution. 1 Consequently, the choice of solvent is a critical one.
An example of a reduction of a ketone to an alcohol is given below: 1 
0  OH
II N a S H I
ClCHJCHJC(CH2)4CO jEt —  ClCH2CH.CH(CH,)4C 0 2Et
EtOH. H ,0
Figure 10
Results and Discussion
The objective in this portion of the research was to synthesize and investigate 
various a,B-unsaturated organoboron compounds. The interest in these compounds was due 
primarily to the rc-electron-withdrawing power of boron-oxygen bonded substituents. The 
electron-withdrawing ability of an organoborane is a result of the utilization of the empty 
p-orbital of the boron atom.4 This should enable the a,B-unsaturated organoboron 
compounds to possess great synthetic utility. The synthetic utility is exemplified not only by 
the a,B-unsaturated organoboron compounds' ability to behave as dienophiles, but, among 
other numerous reactions, they can also undergo conjugate addition reactions with 
a,B-unsaturated carbonyl compounds and free-radical type addition reactions.4
The major focus of the research was on (E)-l-alkenylboronate esters. These 
compounds are easily synthesized and relatively stable. Futhermore, there lacks any 
significant amount of research reported on the behavior of these compounds in concerted type 
reactions.
Many types of alkenyl boronic acids have been prepared in our laboratory. The 
general laboratory preparation involves the hydroboration of a terminal alkyne in 
dichloromethane by dibromoborane-dimethyl sulfide complex. The reaction is performed at 
room temperature and yields (E)-l-alkenyl dibromoborane. Subsequent treatment by 
aqueous sodium hydroxide produces (E)-l-alkenyl boronic acid. These boronic acids are
white semi-solids which are mixtures of the acid and the anhydride. A general representation 
of this reaction is illustrated below:
HBBr2 S M e2 CH 2CI:
^OH
B
I
OH  
Figure 11
An example of this type of synthesis as performed in our laboratory is represented 
by the synthesis for (E)-l-hexenyl boronic acid. A solution of dichloromethane and 1-hexyne 
is cooled with an ice bath to O'C. HBBr2 *Me2 S is syringed into the solution very slowly.
After the addition of HBBr2 *Me2 S is complete, the solution is allowed to warm to room 
temperature and stir for three hours. Again cooling the system to O'C, slow addition of 
sodium hydroxide solution follows. White crystals began to precipitate and the solution is 
stirred for another hour. The solution is then extracted with 5:1 diethyl 
ether/dichloromethane. The organic layer is saved, dried, and filtered. The solvent is 
removed under reduced pressure, yielding a white semi-solid, (E)-l-hexenyl boronic acid.
This is the usual synthesis used in the hydroboration of terminal alkynes. The 
typical yields can range from 50%-90%, but are usually in the higher ranges. Generally, 
there will also be some small amount of the anhydride present in the crude product, as 
indicated by the NMR spectra.
From the formation of the alkenyl boronic acid, the two general approaches that lead 
to the formation of the corresponding ester are reactions with mono-alcohols and di-alcohols.
B
I
Br
Br NaOH, H20
1 4
However, the stoichiometry is different for the two approaches. Mono-alcohols require two 
equivalents to the alkenyl boronic acid, and di-alcohols require one equivalent to the alkenyl 
boronic acid. A general representation of this type of reaction is illustrated below:
OH HO OH
- H20 ,  heat
Figure 12
When the alcohol, alkenyl boronic acid, and benzene are combined in a flask, an equilibrium 
is established. This equilibrium involves the alcohol, alkenyl boronic acid, alkenyl boronic 
ester, and water. The azeotropic removal of water by distilling off benzene with a Dean-Stark 
distillation apparatus results in an equilibrium shift towards the alkenyl boronic ester product. 
This phenomenon, referred to as LeChatelier’s Principle, enables the efficient production of 
these types of boronic esters.
An example for the synthesis of the (E)-l-hexenyl ethylene glycol boronate ester that 
was used in our laboratory provides a general representation for the formation of many 
alkenyl boronate esters. A solution of (E)-l-hexenylboronic acid and benzene is charged with 
ethylene glycol. The solution is brought to a reflux in which the water is azeotropically 
removed with the benzene via a Dean-Stark distillation apparatus. When the benzene is clear 
(an indication that the water has been removed), the solution is cooled, and the remaining 
benzene is removed under reduced pressure. A brown oil remains and is distilled using a 
Kugel-Rohr distillation apparatus, yielding the clear oil, (E)-l-hexenyl ethylene glycol 
boronate ester.
This is the usual method for the synthesis of boronate esters. The yields for this 
type of synthesis are typically >75%.
Anhydrides are also synthesized in this manner but do not require the use of any 
alcohol. To produce an alkenyl boronic ester from an alkenyl boronic anhydride requires a
1 5
different stoichiometry for mono-alcohols and di-alcohols than their corresponding alkenyl 
boronic acids. Mono-alcohols require six equivalents to the alkenyl boronic anhydride, and 
di-alcohols require three equivalents to the alkenyl boronic anhydride. Typically, anhydrides 
are dark brown in color and slightly more viscous than the corresponding alkenyl boronic 
ester.
Another useful method for making boronate esters involves using a vinyl Grignard 
reagent instead of using terminal alkynes. Generally, a vinyl Grignard is added to a trialkyl 
borate. Hydrolysis of the product yields vinylboronic acid. Subsequent extraction of the 
vinyl boronic acid with an alcohol and removal of the excess alcohol by distillation yields 
the dialkyl vinyl boronate ester. This reaction can be generally represented as follows:
+ B(OR)3 _____ _  H2Q . nROH,
TT/V  SK
H H H H
F igure 13
A synthesis for dibutyl ethylene boronate ester, as performed in our laboratory, 
illustrates the alternative method for the synthesis of boronate esters. A solution of vinyl 
magnesium bromide in tetrahydrofuran and trimethyl borate in dry diethyl ether is chilled to 
-80'C. The product is allowed to warm to room temperature. The solution is recooled to 
- 10'C for the slow addition of 2M HC1. Again the solution is warmed to room temperature 
and stirred for 1 hour. The white precipitate [CH2 =CHB(OH)2 ] is dissolved by adding small
amounts of water. Upon the extraction of the aqueous phase with n-butanol and washing 
with 100 ml portions of saturated NaCl, the resulting product is dibutyl ethylene boronate 
ester [CH2 =CHB(OBu)2 ]. The pH of the organic phase is then raised to 5 or better by 
washing with saturated NaHCC>3 solution. The n-butanol is removed from the reaction
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mixture by distillation under aspirator pressure. The remaining solution is distilled at high 
vacuum without the Vigreux tube. The receiving flask contains one crystal of phenothiazine 
as a radical inhibitor. The clear, liquid product is dibutyl ethylene boronate ester.
This preparation demonstrates another effective method for the synthesis of 
1-alkenyl boronate esters. Yields of 70% or higher have been routinely obtained using this 
method.
The a,6 -unsaturated organoboron compounds that have been synthesized and 
characterized in this laboratory, using the three methods discussed above, are illustrated 
below:
H B(OH)2
h
n = 1; R = CH2CH2CH3 
n = 2; R = (C H ^ C I^  
n = 3;R  = (CH2)5CH3
OR’
I
H B — OR’ 
\ /
R H
1: R= (CH2)3CH3 ; R' = Et 
2: R= H; R’= Bu
H R 
\ /
HO
V*' ^  >=<
RX  H H
H
R
Figure 14
The NMR shifts of a,B-unsaturated boronic acids and a,B-unsaturated carboxylic
acids show similar trends in their vinyl proton shifts. Examination of 1-hexenylboronic acid 
and crotonic acid will be used to illustrate these trends. The B-proton of the boronic acid is at 
6.5ppm while the B-proton of the crotonic acid is at 7.0ppm. The a-protons appear at 
5.8ppm and 5.4 ppm for the carboxylic acid and the boronic acid respectively. The 
downfield shifting of the B-protons, relative to the a-protons, can be rationalized by 
invoking the appropriate resonance forms. These resonance forms are as follows:
Figure 15
The decrease in the electron density at the B-carbon explains the deshielding of the B-protons. 
Futhermore, because the boronic acid B-proton shift is not as far downfield as that of the 
corresponding B-proton of the carboxylic acid, there may be less resonance withdrawal of 
electron density by the boron, relative to the carboxylic group.
The similarities of the organoboron compounds enable one to make some general 
observations of these compounds through the analysis of NMR data. From the table 
below it is apparent that the anhydride protons are significantly shifted downfield from the 
acid and ester protons. One explanation of this effect is that the anhydride boron atom is 
unable to donate as much electron density to the vinyl group as the esters and acids. This is 
due, primarily, to the smaller amount of electron donation from the oxygen atom into the 
empty 2p orbital of the boron atom. The BrO ratio in the anhydrides is 1:1 versus 1:2 in the 
acids and esters. Thus, instead of the anhydride receiving electron donation from two
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oxygen atoms, it only receives electron donation from one oxygen atom. This causes the 
anhydride vinyl protons to receive less electron donation from the boron atom.
Acids:
Esters:
Table V
a-vinyl proton 8 -vinyl proton
pentenyl
hexenyl
octenyl
pentenyl
hexenyl
hexenyl(diethyl)
Anhydrides:
pentenyl
hexenyl
octenyl
p p m ,/ (Hz) p p m ,/(H z), /(H z )
5.42, 17.4 6.52, 6 .6 , 17.8
5.41, 17.9 6.51, 6.4, 17.9
5.40, 17.5 6.51, 6 .0 , 17.8
5.46, 17.6 6 .6 6 , 6.5, 17.9
5.46, 18.0 6 .6 6 , 6 .2 , 17.9
5.52, 17.6 6.58, 6.5, 17.6
5.56, 17.9 6.93, 6 .8 , 17.9
5.53, 17.6 6.97, 5.8, 17.6
5.53, 17.1 6.96, 5.9, 17.1
The second focus of this portion of the research was to develop a synthetic method 
for 1-alkynyl boronate esters. From the formation of these 1-alkynyl boronate esters the 
development of a synthesis for cyclic vinyl boronate esters might be possible. Synthetic 
methods for alkynyl boronate esters have been reported by H.C. Brown.7 The synthesis of 
these esters involves a transmetallation with an alkyne and a subsequent reaction with an 
alkoxyborane. After the addition of anhydrous acid, filtration, and removal of the solvent at 
reduced pressure, the product was 1-alkynylalkoxyborane. The reported yields were in the 
90% range.
In the laboratory, numerous attempts were made in preparing alkynyl boronate esters 
using terminal alkynes with primary and secondary alcohol substituents. The presence of the 
hydroxyl group was to enable the cyclization of the alkynyl boronate ester to yield a cyclic
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vinyl boronate ester. The synthetic process that was to be attempted is illustrated below:
H
I I Protect OH
(CH2)n
CH-OH
R(H)
H
H
OR
In
O
H
1. BuLi
2. B(OR)3 
(C H 2>n 3 . HClanh.
P= Protecting group
C H O P
R(H)
H B(OR)2
1. Deprotect & II
2. nBuOH, H+ JL
H X (CH2)„
H2, Lindlar PdCH O P
R(H)
— CH — R(H) 
I
OP
Figure 16
Because hydroxyl groups are not inert to the conditions of hydroboration it was necessary to 
develop a synthesis for the protection of the hydroxyl group before the hydroboration of 
these types of compounds could be attempted. In other words, this hydroxyl group can attack 
the empty 2 p orbital of the boron atom resulting in an alkynyloxyborane and 3H2 molecules.
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Protecting groups are utilized when a compound has more than one reactive site, 
and one of the reactive sites must be blocked for a subsequent step in the synthesis. There 
are many different protecting groups available for many different functional groups. For 
example, geraniol has three different potential reactive sites, one of which is an hydroxyl 
group. Yoshikoshi et. al. performed catalytic studies of the tetrahydropyranylation of 
geraniol. Thus, they were protecting the hydroxyl group temporarily and rendering the site 
inactive. The overall, general, reaction of their synthesis is represented below:8
dihydropyran. PPTS. CH;CI:‘
20°. 4 h. 94-100^
RO H '  RO TH  P
PPTS. EtOH (pH 3.0)'
55°. 3 h. 9 5 -100*%
Figure 17
The synthesis occurs by charging a solution of geraniol and dihydropyran in dry 
methylene chloride containing PPTS (pyridinium p-toluenesulfonate) and stirring for four 
hours at room temperature. Then the solution is diluted with ether and washed once with 
half-saturated brine to remove the catalyst. After evaporation of the solvent, distillation 
gives essentially a quantitative yield of geranoil THP ether. The removal of the protecting 
group is accomplished by making a solution of geraniol THP ether and PPTS in ethanol and 
stirring at 55'C (bath temperature) for three hours. The solvent is evaporated in vacuo, and 
the residue is chromatographed on a silica gel column to afford pure geraniol.
Another common protecting group for the hydroxyl group is the silyl ether. 
Research by E.J. Corey and B.B. Snider illustrates the use of trimethylsilyl chloride to
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protect the hydroxyl group. A general representation of their overall reaction follows:8
RO H +  McjSiCI — --N' T H r  . R O S i M o
25°. 8 h. 90%
p r \c  w  »-Bu«N*F\ T H F  ROSiMe, ------------------------ . RO H
aprotic conditions
Figure 18
Two different approaches for the synthesis of the hydroxyl-protecting group were 
undertaken in our laboratory. The two protecting groups were silyl ethers and 
tetrahydropyranyl ethers. Both of these syntheses were successful. However, not only is it 
important to be able to synthesize these protecting groups, but the syntheses must have high 
yields, both in the addition and removal of the protecting group, and "minimum of addition 
functionality to avoid futher sites of reaction" 8 in order for the process to have any real 
synthetic possibilities.
The general synthesis for the silyl ether protecting group is quite straightforward. In 
general, trialkylsilyl chloride is added to a cold solution containing the alkyne with the 
alcohol substituent, an amine base, and dichloromethane under N2 (g). The solution is then
stirred for four hours at room temperature. The solution is quenched with water and 
extracted with dichloromethane, yielding the final alkynyl silyl ether.
An example of the synthesis of l-trimethylsilyloxy-3-butyne, as performed in our 
laboratory, is representative of the general silyl ether protecting group synthesis that was 
employed. Trimethylsilyl chloride is slowly added, via syringe, to a solution containing 
3-butyn-l-ol in dichloromethane at O'C. The reaction is warmed to room temperature and 
stirred for 4 hours. The solution is quenched using water, and the layers are separated. The 
dichloromethane layer is then washed with water and NaHCC>3 solutions. The 
dichloromethane is removed under reduced pressure followed by dissolving the residue in
2 2
ether and washing with two portions of water. The organic layer is then dried using MgSC>4
and filtered. The ether is removed in vacuo, and the final product is distilled under high 
vacuum. Typical yields range from 25%-60%. The silyl ethers that were successfully 
synthesized are illustrated below:
ur u
Me 
Figure 19
A synthetic method for the protection of terminal alkynes with primary alcohols and 
secondary alcohols with tetrahydropyranyl ethers was successfully developed in our 
laboratory. The basic procedure involved charging a flask with an alkyne, dihydropyran, 
and catalyst in dichloromethane and heating the flask to a reflux. The refluxing lasted four 
hours. The crude product mixture was chromotographed using normal phase silica gel in a 
hexane/ethyl acetate solvent system.
An example of the synthesis of 2-(3’-butynyloxy)-tetrahydropyran is representative 
of the general synthetic procedure that was employed in our laboratory. A solution of 
3-butyn-l-ol, dihydropyran, and p-toluenesulfonic acid monohydrate is added to excess 
dichloromethane. The solution is refluxed for four hours. The solution is washed with 
NaHCC>3 , saving the organic layer, drying with MgSC>4 , and filtering. The solvent is
2 3
removed under reduced pressure. The crude yield is >100% and is chromatographed. 
Products resulting from successful protection reactions for the hydroxyl groups using 
tetrahydropyranyl ethers are illustrated below:
The final step in the synthesis of alkynyl boronate esters involved treating the 
protected alkynyl ether with an alkyllithium and trialkyloxyborane. This step was performed 
analogously to the H.C. Brown synthesis previously described on page 8 .7 Following the 
successful synthesis of the alkynyl boronate ester, the synthesis of the cyclic vinyl boronate 
ester was to be attempted (see Figure 16). The synthetic method that was to be employed for 
this cyclic ester was to hydrogenate the alkynyl boronate ester with Lindlar’s catalyst, 
producing a cis -alkenyl boronate ester. This cis -alkenyl boronate ester was to be stirred in 
n-butanol containing a catalytic amount of acid enabling the cis -alkenyl boronate ester to 
cyclize, producing a boracycle. However, this synthesis was not successfully employed due
to the inability to synthesize alkynyl boronate esters by the method previously described.
Figure 20
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Chapter 2
Reactions of Organoboron Compounds with Nitrones
Qyeryigg
There has been no previously reported research on the reaction of 1,3-dipolar 
compounds and a,B-unsaturated organoboron compounds. This chapter will delineate our 
initial efforts in this line of research and provide some of our results to date. The synthesis 
of three novel compounds that were produced via a rearrangement type reaction between 
nitrones and commercially obtained triethyl borane will also be detailed.
Originally, interest arose in reacting a,B-unsaturated organoboron compounds with 
dienes via Diels-Alder type reactions. However, our investigations into these Diels-Alder 
type reactions were inconclusive. As a result, inquiries into alternative routes of synthesizing 
cyclic adducts were pursued. One alternate route to the synthesis of cyclic adducts that was 
investigated was the use of nitrones in 1,3-dipolar cycloaddition reactions with the 
a,B-unsaturated organoboron compounds. During this investigation it was discovered that 
there was more than one possible mode of addition. An alkylation reaction via rearrangement 
seemed to be occurring in competition with the cycloaddition. In order to comfirm this 
second mode of addition, several nitrones were treated with triethylborane; thus, eliminating 
the possibility of a competing cycloaddition reaction. This borane-nitrone reaction resulted in 
the formation of novel N,N-disubstituted hydroxylamines.
There is a substantial amount of research that documents the ability of 
a,B-unsaturated organoboron compounds to behave as dienophiles and undergo Diels-Alder 
type reactions. For example, D.S. Matteson and J.O. Waldbillig reported that dibutyl 
ethylene boronate ester and an excess of cyclopentadiene, when heated to reflux, yield 
dibutyl endo - and exo -5- norbomane-2-boronate ( see Figure l ) . 1
C H 2- C H B ( O B u ) :
Figure 1
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A second example of this dienophilic behavior of a,B-unsaturated organoboron compounds 
is shown in Figure 2 . 1
HC=CB(OBu)j +  ( 3 3  — * f ] l
Figure 2
In the reaction above, dibutyl acetylene boronate ester was heated to reflux with 
cyclopentadiene in chlorobenzene and yielded dibutyl norbomadiene-2- boronate. Thus, 
there is a precedent for the synthetic ability of a,6 - unsaturated organoboron compounds to 
undergo Diels-Alder type reactions.
It was on the basis of this type of effect that interest in 1,3-dipolar cycloadditions 
with a,B-unsaturated organoboron compounds became the focus of our research. The 
illustrated dienophilic character of a,B-unsaturated organoboron compounds was believed to 
be applicable to 1,3-dipoles. 1,3-Dipolar cycloaddition reactions are analogous to the 
Diels-Alder reaction in that they are concerted reactions of the [2+3] type and, as a result, are 
subject to the same types of regio- and stereo-chemical considerations that have been well 
established for Diels-Alder reactions.4  The 1,3 dipolar cycloaddition can be represented in 
the general form illustrated in Figure 3.4
d * e d — e
Figure 3
The alkene is referred to as the dipolarophile. The product that is formed is a heterocyclic 
ring. The dipolarophile is analogous to the dienophile in the Diels-Alder reaction. Thus, the 
same manipulations of the dienophiles that have generated control of the Diels-Alder reactions 
should be applicable to the dipolarophile in 1,3 dipolar cycloadditions.
An examination of the vacant p orbital in vinyl boronic acid will further illustrate the 
electron-withdrawing and attracting ability of these a,fi-unsaturated organoboron compounds. 
There are two resonance contributing forms of vinyl boronic acid due to the
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presence of the vacant p orbital. These two structures are represented below:5
+
CH2=CH-B(OH)2 <-----> CH2-CH=B(OH)2
Figure 4
There is a large amount of evidence that supports the existence of 7t-interactions between the 
7t-electron system and the vacant p orbital of boron in the vinyl boronate ester.6 This type of 
71-interaction enables an electron-withdrawing substituent to withdraw more electron density 
from the 7C-system of the vinyl group in the vinyl boronate ester. This further lowers the 
energy of the LUMO for the dipolarophile and leads to a greater reactivity between the 
1,3-dipole and dipolarophile. These types of interactions should enhance the reactivity in 1,3 
dipolar cycloaddition reactions because the boron substituents can contribute a 
complementary electronic influence to the substituted 7C-system.
Stereochemically, the reactions of the 1,3-dipoles with alkenes strongly resemble 
the Diels-Alder reaction in being concerted additions resulting in stereospecific syn 
additions.4 This type of behavior can be illustrated in the two reactions in the Figure 
below:4’1?
H-C C H ,
>=K
C H .O -C  C O ; CH,
C H ; \ ;
H
CH O-C
,c / —
CO-CH
MeO.C H
N /
A
H C 0 2Me
H C 0 2Me
C 02Me
100%
Figure 5
The syn addition is expected in a concerted process.7 This concerted process enables the 
reactants to maintain their relative configuration in the cyclic product, further illustrating the 
stereochemical possibilities of this reaction.
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Different stereoisomers are a possibility with some 1,3-dipoles. Even though the 
relative configurations of the reactants are maintained in the concerted reaction, stereoisomers 
of the cyclic adduct, mainly endo and exo , are possible. These differing product 
orientations are analogous to the endo and exo transition states in Diels-Alder reactions.7 
This type of effect is illustrated in the Figure below:3
o*/ 
MeO—  N
V
, C 0 2Me O
MeON
C 0 2Me M e 0 2C '
C 0 2Me
CO,Me
C 0 2Me
Figure 6
In the reaction above, the relative configuration of the trans dipolarophile was maintained in 
the product. However, only the endo product was produced in this case. An investigation 
into the frontier molecular orbitals for the reaction above illustrates why the endo product is 
the predominate product. The Figure below illustrates the favorable secondary frontier orbital 
interactions that occur in this reaction.3
HOMO
LUMO
O-
CO ; Me
OMe
MeO
Figure 7
The dotted line identifies another bonding interaction that is not present in the exo transition 
state. Even though this overlap does not result, directly, in a new bond, the bonding 
interaction does lower the energy of the transition state relative to that of the exo transition 
state. Thus, under kinetic conditions, the endo product is the major product.3
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The 1,3 dipolar cycloaddition is also stereoselective. This is illustrated by the 
reaction in the Figure 8 . 17
The two stereoisomeric products are produced, in unequal amounts, from one reactant but the 
endo product dominates due to the favorable secondary frontier orbital interactions.
The 1,3-dipolar cycloaddition is also regioselective. One way to analyze the results 
of these regioselective reactions is to utilize FMO concepts in ways that were previously 
described and applied in the Diels-Alder reactions. The most favorable reactions are those 
which involve complementary substituent effects in the dipolarophile and the 1,3-dipole.4 In 
general, these complementary subtituents involve the LUMO of the dipolarophile and the 
HOMO of the 1,3-dipole.2 In the ideal situation, the HOMO-LUMO energy gap will be as 
small as possible; thus, lowering the activation energy barrier and increasing the reactivity.
O-
+
A
H COzMe 75% 25%
Figure 8
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This type of interaction analysis for an electron withdrawing substituent is illustrated below:3
H O M O
Figure 9
Once the correct HOMO/LUMO interaction is established, the analysis of the orbital 
coefficients will provide the regiochemistry of the cycloaddition. Generally, the large 
coefficients interact together while the small coefficients interact together.3 The magnitude of 
these coefficients is dependent on the substituents involved. For the HOMO/LUMO analysis 
above, the coefficient analysis is illustrated below:3
H OM O LUMO
Figure 10
Mechanistically, the 1,3-dipolar cycloaddition involves a four-centered, concerted 
reaction, in which the two new <T-bonds are formed in a single-step.8 This type of
3 2
transition state is illustrated below:7
Figure 11
Also, studies have shown that this transition state is not very polar.7
Furthermore, these reactions provide a convenient way to synthesize heterocyclic 
ring systems. The general procedure for carrying these reactions out is to combine the 
reactants in an inert solvent and heat the system, sometimes to a reflux. The yields of these 
reactions tend to be high.
Rearrangements
In our laboratory, 1,3-dipolar cycloaddition reactions did not appear to be 
occurring. It was observed that a rearrangement type of reaction might be taking place. Such 
rearrangement reactions are not uncommon to organoboron compounds. Organoboranes 
have been reported to behave as alkylating or arylating agents, depending on the borane 
substituents.
Trigonal boron, due to its vacant 2p orbital, has the ability to accept an electron 
pair. This enables the trigonal boron atom to behave as a Lewis acid; thus, the trigonal 
boron atom can be subject to attack from a Lewis base. The attack of a Lewis base on the 
vacant 2p orbital of the trigonal boron atom results in a quaternary boron compound.9 The 
quaternary boron compound has a negative charge associated with the boron atom. Usually, 
a substituent of the boron atom will then migrate from the quaternary boron compound to an 
electron-deficient carbon atom resulting in the loss of a leaving group. Protonolysis of the 
migration product produces a loss of the boron group and yields the desired product. In 
general, these rearrangements do occur with a retention of configuration. An example of this
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process is illustrated below:9
B rCH ; Z
K*-OR'
CHZ
!
Br
R:B
R
I'N 
R : B—C H Z
-  B r -
ST,Br
R : BCHZ 
R ' O H
R C H : Z + R O B R ,
Figure 12
There are several factors that can accelerate this type of rearrangement process. 
First, an increase in the negative charge on the boron atom and secondly, the development 
of positive charge on the atom receiving the migrating organic group can enhance the rates of 
these reactions.9
An example of a rearrangement with a low molecular weight N-oxide has been 
published. A.G. Davies and B.P. Roberts reported that trimethylamine oxide reacting with a 
trialkylborate enables a 1,2 rearrangement process to occur. This reaction is illustrated 
below :9
R R
I / “N . 1"% S'
3 u O — 3  O N M t i  =  B u O  — 3 — O — N M e j  ----------- ( 3 u O ) fcB O R  +
O O
By Bu
Figure 13
Nitrones
There are a wide variety of syntheses reported in the literature for nitrones. The two 
major pathways for the formation of nitrones are condensation reactions of aldehydes with 
hydroxylamines and oxidations of hydroxylamines. These syntheses have led to the 
preparation of many different nitrones.
The first step in the synthesis of a condensation nitrone requires the synthesis of an 
hydroxylamine. This is usually accomplished by the reduction of a nitro-substituted organic
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compound. Two examples of reducing agents that are utilized for this reaction are boranes 
and metal dust.
G.W. Kabalka reported that a,B- unsaturated nitro compounds were easily reduced 
by boron hydrides. Typically, a,B- unsaturated nitro compounds are unreactive in 
BH3 *THF. In order to accomplish the reduction, a catalytic amount of sodium borohydride 
is added to the reactants. This allows the reduction to proceed readily. This type of reaction 
is illustrated below: 10
I 1 ! 1I I 9Mj « .0  I i
—  C =  C —  N O ?  ------------- : - - - -- - - - - - - -  — C H C H N H O hI
CO 10  I > C N c S ^ - 4
Figure 14
The reduction of B-nitrostyrene is a representative procedure for this type of 
synthesis. A dry, cool flask is charged with BH3 *THF solution and a solution of 
B-nitrostyrene in THF. After the addition, the ice bath is removed, and a catalytic amount of 
NaBH4  is added to the solution. The reaction is allowed to proceed until the yellow color of
the starting material disappears. Ice-water is added to the reaction mixture and then acidified 
with 10% HC1. The mixture is heated at 60'-65’C and then cooled to room temperature.
The acidic layer is washed with ether, and then the hydroxylamine is liberated via addition of 
sodium hydroxide (aqueous). Solid NaCl is added and the product extracted into ether. The 
etheral extracts are dried with anhydrous MgSC>4 , the solvent is removed under reduced
pressure to yield N-hydroxy-2-phenylethanamine. 10
A second method used to reduce nitro compounds utilizes zinc dust. Generally, the 
nitro compound is reduced in the presence of a metal dust in an aqueous or alcoholic solvent.
The reduction of nitrobenzene illustrates this type of synthesis. In a flask is placed 
ammonium chloride, water, and nitrobenzene. The mixture is stirred vigorously, and zinc 
dust is added over a fifteen to twenty minute period. As the reduction proceeds, the 
temperature rises to 60-65'C. Stirring is continued for fifteen minutes. While still hot, the 
solution is filtered with suction in order to remove the zinc oxide, and the zinc oxide is 
washed with hot water. The filtrate is saturated with salt and cooled to O'C by being placed 
in an ice-salt mixture. The phenylhydroxylamine, which crystallizes out in long, light
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yellow needles, is filtered by suction. 11 There is a second procedure for 
phenylhydroxylamine in the literature that utilizes an alcoholic solution but is, otherwise, 
similar to the procedure above. 18
Once the hydroxylamine is produced, a convenient way to synthesize a nitrone is to 
condense the hydroxylamine with an aldehyde. This type of reaction is generally performed 
in an alcoholic medium. A general representation of this reaction is illustrated below: 12
OH
CKO + HN
CH
Figure 15
The synthesis of diarylnitrones is represented effectively by the following synthesis. 
The aldehyde and hydroxylamine are combined in 95% ethanol and treated with 
methanesulfonic acid. The nitrone usually begins to precipitate quickly. The reaction 
mixture is cooled, and the product is collected by filtration. Most of the nitrones may be 
recrystallized either from aqueous ethanol or from tetrahydrofuran/ cyclohexane. 12 Usually, 
these reactions occur with quantitative yields.
A second method that is used to synthesize nitrones is to oxidize the hydroxylamine. 
In general, a secondary amine is oxidized with hydrogen peroxide in the presence of a metal 
complex catalyst. A general representation of this type of reaction is illustrated below: 13
R2 R2
i No-WO^ , |
R ' - C H N H - R 3 +  H 20 2 --------:---------► R ' - C  =  N - R 3
Figure 16
A specific synthesis for 2-methyl-3,4,5- trihydropyridine-1-oxide is representative of the
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oxidation of an hydroxylamine. A solution of Na2 W0 4 *2 H2 0  and 2-methylpiperidine is 
placed in a dry flask at O'C under argon gas. After an additional stirring at 20'C, NaHSC>3 
and NaCl are added. The reaction mixture is then extracted with CH2 CI2 . The 
chromatographed crude product results in the nitrone 2-methyl-3,4,5- trihydropyridine 
1-oxide. 13
There is a large quantity of literature on the spectroscopic properties of nitrones. 
Mass spectroscopy and NMR spectroscopy are two excellent methods for the characterization 
of these compounds. Typically, the mass spectrum of a nitrone does not have a molecular 
ion peak. The labile nitrogen-oxygen bond instead yields a very prominent M-16 peak.
Many fragment ions are also observed in the mass spectra of diarylnitrones due to the many 
skeletal-rearrangement processes that exist for these molecules. Some of the more common 
fragments that are observed contain the masses of M-H, M-CO, M-HCO, M-OH, and 
M-CHNO. The mass spectral fragments of diarylnitrones also contain some common 
fragments, such as M-C7 H5 O and M-C7 H5 NO, that allow for the formation of tropylium 
ions. This behavior is illustrated in Table 1:
Table 1
a,N-diphenylnitrone ions 
in the mass spectrum14
m/e composition
91 C5 H5 N (60%)
C7 H7  (40%)
104 c 7 h 6n
105 C7 H5 0
168 C 1 2 H 1 0 N
169 C12H11N
180 C 1 3 H 1 0 N
181 c 1 3 h u n
The NMR spectra of diaryl nitrones have also received much attention in the 
literature. These *H NMR studies enable more structural properties of these nitrones to be 
observed. For example, Koyano and Suzuki reported from their studies that "the most 
preferred conformation of the a,N- diphenylnitrone having no substituent at the ortho 
position is probably planar or nearly planar configuration. " 15 The a,N- diphenylnitrone
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proton positions they report are listed below:
Table 2
a,N-diphenylnitrone 
proton positions 15
protons Dosition (t -value)
a 2 . 1 2  ppm
2 , 6 1.58-1.69 ppm
3,5 2.54-2.64 ppm
2 ’,6 ' 2.22-2.44 ppm
3’,4',5' 2.54-2.64 ppm
The a-proton of a diarylnitrone is shifted farther downfield, by 0.8-l.lppm, than 
those of the corresponding substituted ethylene. Specifically, the a-proton of trans -stilbene is 
shifted to 7. lppm while the a-proton of a,N-diphenylnitrone is shifted to 7.88ppm. A 
second example of effects that have been observed from the *H NMR spectra is that the meta 
and para aryl shifts are unresolved in the spectral region between 7.36ppm and 7.45ppm, 
which is somewhat downfield from benzene (7.37ppm). This is illustrative of the lack of 
electron-withdrawing ability of the nitrone functionality on the aryl substituents.
Results and Discussion
A novel procedure that yields N,N-disubstituted hydroxylamines has been 
developed. This reaction synthesizes a new carbon-carbon bond concurrently with a new 
asymmetric center. This appears to be the first reported reaction between an organoboron 
compound and a diarylnitrone.
This research overcame several obstacles. First, synthesis and purification of the 
starting materials created some problems. Secondly, the isolation of the final product also 
encountered much difficulty.
Neither one of the two reported methods for the synthesis of N-phenyl- 
hydroxylamine generated acceptable yields in our laboratory. 11*18 However, a combination
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of the two procedures did result in a substantial improvement in the yields and enabled the 
reaction to be performed consistently. Our procedure for N-phenylhydroxylamine begins 
with charging a flask with nitrobenzene, ammonium chloride, and water. The mixture is 
stirred while slowly adding zinc dust over 15 minutes. The temperature should rise to 
approximately 50'C-60'C. When the temperature ceases to increase, the warm mixture is 
immediately filtered through Celite in a Buchner funnel. The Celite is washed with hot 
water. The filtrate is cooled in an ice bath, saturated with sodium chloride, and placed in a 
seperatory funnel. The solution is extracted with dichloromethane. The organic solvent is 
removed under reduced pressure, yielding yellowish crystals. Again, a minimum amount of 
dichloromethane is added to the yellowish crystals to dissolve them. The flask is chilled in 
an ice bath, and hexanes are added dropwise until the N-phenylhydroxylamine precipitates 
out of the solution. The white precipitate is filtered out using a Buchner funnel. The white, 
needle-like crystals are N-phenylhydroxylamine. A typical yield for this procedure is 50%.
Once the N-phenylhydroxylamine was prepared, the synthesis of the nitrones 
proceeded quantitatively. Generally, the reactants are dissolved in a minimum amount of 
warm alcohol, yielding the precipitated product An example of this synthesis is illustrated 
with the synthesis of a,N-diphenylnitrone. N-Phenylhydroxylamine is dissolved in a 
minimum amount of warm absolute ethanol. Benzaldehyde is added dropwise while gently 
swirling the solution. The solution is placed under a N2 (g) atmosphere and into the freezer 
overnight. The white, crystalline product is collected in a Buchner funnel and washed with 
cold diethyl ether. The crystals are then placed in a roundbottom flask and the remaining 
diethyl ether is removed under high vacuum pressure. The product is a,N-diphenylnitrone.
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The diarylnitrones that were successfully synthesized are illustrated below:
N — CH OH
N =  CH
Figure 17
To synthesize the N,N-disubstituted hydroxylamine, the nitrone and commercially 
available triethylborane are combined in the following manner. A sealed tube is charged with 
a,N-diphenylnitrone and benzene. The solution is degassed with nitrogen, and triethylborane 
in hexanes is added. The solution is stirred for two days at room temperature, and then the 
benzene is removed under reduced pressure. Diethyl ether, water, and 1 pellet of sodium 
hydroxide are added and stirred for four Hours in order to allow the cleavage of the 
boron-oxygen bonds and form the hydroxylamine. The solution is then extracted with 
dichloromethane. The dichloromethane solution is dried and removed under reduced 
pressure, yielding N-phenyl-N-(l-phenylpropyl)-N-hydroxylamine, a yellowish solid. The 
reactants were combined in a 1 :1 .2  ratio (nitrone to borane), and the reactants resulted in 
typical yields in the range of 60%-80%.
The reaction for N-phenyl-N-( 1 -phenylpropyl)-N~hydroxylamine is illustrated 
below along with the other N,N- disubstituted hydroxylamines that were synthesized.
Figure 18
The initial synthetic procedure for N-phenyl-N-(l-phenylpropyl)-N-hydroxylamine 
involved heating a 3:1 ratio of a,N-diphenylnitrone and triethylborane to a reflux and then
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proceeding with the procedure previously described. This resulted in a yield of 20%. One 
explanation for this low yield could be that the ability of the boron atom to accommodate the 
successive rearrangement reactions would be sterically hindered for a tri-borate type of 
molecule. However, this explanation is based only on very preliminary results.
These N,N-disubstituted hydroxylamines were characterized using NMR, 
NMR, and mass spectral techniques. The data obtained for these compounds are listed in 
the Table below:
Table 3
NMR Data Results
Compound
N-Phenyl-N-(l-phenylpropyl)-N-hydroxylamine (1) 0.86 1.78-2.15
N-4-Chlorophenyl-N-( 1 -phenylpropyl)-N-hydroxylamine(2) 0.92 1.69-1.9 
N-Phenyl-N-(l,4-propylphenol)-Nrhydroxylamine (3) 0.84 1.55-1.86
CH3  CH2  CH Aromatic H's -OH's
Table 4
13c NMR Data Results
4.57 6.67-7.39 
4.15 6.34-7.43 
4.08 6.36-7.28
8.56
7.85
5.16
Nucleus 1 3
Cl 11.53 10.39
C2 25.30 31.19
C3 68.87 59.36
C4 140.53 135.90
C5 128.18 127.63
C6 127.52 117.34
C l 119.34 113.71
C8 152.67 154.47 1 ^
C9 115.45 97.52
CIO 128.65 128.97
C ll 126.58 115.49
1 1
1 o
4 2
Table 5
Mass Spectral Data
1 2 1 1 11 M-OH
182 1 0 0 C i3 H i2N
104 25 c 7 h 6n
91 29 C7 H7
77 28 C6 H5
2 245 13 C 1 5 H 1 5 NC1
216 1 0 0 c 1 3 h 10n c i
138 2 0 C7 H4 NC1
1 1 1 2 1 C6 H3 C1
91 29 C7 H7
78 13 C6 H6
3 134 1 0 0 CqH u N
115 18
107 43
91 23
77 46
51 40
39 49
4 3
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Experimental
All proton and carbon NMR spectra were obtained with a General Electric QE-300 
spectrometer. All mass spectra were obtained on a Hewlett-Packard (HP) 5988A mass 
spectrometer with HP Chem Station accompanied by an HP 5890A gas chromatograph. A 
Supelco fused silica capillary column, 30 meters, 0.32mm internal diameter, and lp  film 
thickness was used in the HP gas chromatograph. Infrared spectra were obtained with a 
Perkin-Elmer spectrometer, Model 983. Melting points were taken using a MEL-TEMP 
melting point apparatus and are uncorrected. All hydrogenations were performed using a 
Parr Hydrogenation Apparatus, Model 3911. Normal phase, flash chromatographs used 
'Baker* Silica Gel with a 40pm average particle diameter. Reverse phase, flash 
chromatographs used 'Baker' octadecyl (Cjg) gel with a 40pm average particle diameter.
Boronfc Acids:
(E)-l-Hexenyl Boronic Acid:
A dry, 1L, three-necked round bottom flask was equipped with a 100ml addition funnel, a 
N2 (g) line, magnetic stir bar, and a rubber septum. Dichloromethane (50ml) and 1-hexyne 
( 1 0  ml, 0 .1  mol.) were added via syringe with the subsequent chilling of the solution with 
an ice bath to 0'C. HBBr2 -Me2 S (100ml, 0.1 mol.) was dispensed into the addition funnel
via syringe and added slowly to the solution. After the addition of HBBr2 -Me2 S was 
completed, the solution was allowed to warm to room temperature and stir for 3 hours. 
Again cooling the system to 0’C, slow addition of sodium hydroxide solution (8.8g.(2.2 
equiv.) in 70 ml of H2 O) followed by use of the addition funnel. White crystals began to 
precipitate, and the solution was stirred for another hour. The solution was placed in a 
separatory funnel where three extractions with 5:1 diethyl ether/dichloromethane were 
performed. The organic layer was saved and dried using anhydrous sodium sulfate. The 
drying agent was removed by filtration and then the solvent was removed under reduced 
pressure. The product was a white crystalline solid (6.61g.,56% yield). *H NMR (CDCI3 );
*H NMR GH006.800: 0 6.52 (dt, 1H, J  = 17.8 Hz., 6.55 Hz.), 0 5.42 (d, 1H, J  = 17.44 
Hz.), 0 4.37 (s, 2H), 0 2.12-2.17 (m, 2H), 0 1.27-1.49 (m, 4H), 0 0.86-0.95 (t, 3H).
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(E)-l-Pentenyl Boronic Acid:
Prepared the same as (E)-l-hexenyl boronic acid using the same proportions but starting with 
l-pentyne. *H NMR (CDCI3 ): 3 6.51 (dt, 1H, J  = 17.93,6.4 Hz.), 3 5.41 (d, 1H, J  =
17.9 Hz.), 3 4.2 (s, 2H), 3 2.07-2.27 (m, 2H), 3 1.37-1.55 (m, 2H), 3 0.77-0.98 (t, 3H). 
(E)-l-Octenyl Boronic Acid:
Prepared the same as (E)-l-hexenyl boronic acid using the same proportions but starting with 
1-octyne. JH NMR (CDCI3 ); NMR HOL008.206: 3 6.51 (dt, 1H, J  = 17.8 Hz., 6.01 Hz.),
3 5.40 (d, 1H, J  = 17.5 Hz.), 3 4.50 (s, 2H), 3 2.11-2.26 (m, 2H), 3 1.16-1.51 (m, 8 H), 3 
0.88 (t, 3H).
Boronate Esters:
(E)-l-Hexenyl Ethylene Glycol Boronate Ester:
In a 500ml, single neck, round bottom flask, equipped with a magnetic stir bar was placed 
2.0g (0.018 mol.) of hexenylboronic acid in 200ml of benzene. Ethylene glycol (1.09g, 
0.018 mol.) was also placed in the solution and a Dean-Stark apparatus equipped with a 
condenser was placed in the neck of the flask. The solution was brought to a reflux in which 
the water was azeotropically removed with the benzene. When the benzene became clear (an 
indication that the water had been removed), the flask was cooled and the remaining benzene 
was removed under reduced pressure. A brown oil remained and was distilled at 
50’C-120'C, using a high vacuum Kugel-Rohr distillation apparatus. The final product was 
2.26g (89.7% yield) of clear oil. NMR (CDCI3 ): 3 6 . 6 6  (dt, 1H, J  = 6.19 Hz., 17.94
Hz.), 3 5.46 (d, 1H, J  = 18.00 Hz.), 3 4.23 (s, 4H), 3 2.18 (m, 2H), 3 1.23-1.48 (m, 4H),
3 0.89 (t, 3H, J  = 7.1 Hz.). IR (neat): 3520.0, 3020.0-2850.0, 1637.5, 1500.0-1160.0,
947.5,914.0, 860.5, 838.5, 819.0,758.0,732.0, 664.5, 633.0 cm-1.
(E)-l- Pentenyl Ethylene Glycol Boronate Ester:
Prepared the same as (E)-l-hexenyl ethylene glycol boronate ester using the same 
proportions but starting with (E)-l-pentenyl boronic acid. NMR (CDCI3 ); NMR
GH005.799: 3 6 . 6 6  (dt, 1H, J  = 6.52 Hz., 17.89 Hz.), 3 5.46 (d, 1H, J  = 17.85 Hz.), 3 
4.21 (s, 4H), 3 2.13 (m, 2H), 3 1.43 (m, 2H), 3 0.90 (t, 3H, J  = 7.39 Hz.).
4 6
Diethyl Hexenyl Boronate Ester:
(E)-l-Hexenyl boronic acid was dissolved in an excess amount of absolute ethanol. The 
reaction mixture was stirred for 3 hours, and the ethanol was removed under reduced 
pressure. !H NMR (CDCI3 ); HOL009.105: 3 6.58 (dt, 1H, J  = 6.48 Hz., 17.56 Hz.), 3
5.52 (d, 1H, J  = 17.57 Hz.), 3 3.93 (q, 4 H ,/  = 7.13 Hz.), 3 2.15 (q, 3H), 3 1.50-1.26 (m, 
6 H), 3 1.20 (t, 6 H, J  = 6.93 Hz.), 0.89 (t, 3H). IR (neat): 3030.0-2850.0, 1628.5, 
1500.0-1150.0, 114.0, 1051.0, 1001.5,921.5, 890.0, 818.0, 808.5,755.5, 695.5,665.0, 
633.5 cm 'l.
Dibutyl Ethylene Boronate Ester:
A dry, 250 ml, three neck, round bottom flask was equipped with a N2 (g) line, addition
funnel, rubber septum, and a magnetic stir bar. Vinyl magnesium bromide (0.03 mol., 
3.94g, 30ml, 1M solution in THF) was added, via syringe, to freshly distilled trimethyl 
borate (0.03 mol., 3.12g) in 25ml dry ether at -80'C. The reaction mixture was then allowed 
to warm to room temperature. The solution was recooled to -10’C for the slow addition of 
2M HC1 (25 ml). Again the solution was warmed to room temperature and stirred for 1 
hour. The white precipitate [ CH2 =CHB(OH) 2  ] was dissolved by adding small amounts of
water. Upon the extraction of the aqueous phase with n-butanol and washing with 100ml 
portions of saturated NaCl, the resulting product was dibutyl ethylene boronate ester 
(CH2 =CHB(OBu)2 ). The pH of the organic phase was then raised to 5 or higher by
washing with saturated solution NaHCC>3 . The n-butanol was removed under aspirator 
pressure with a short path condenser and Vigreux tube. The remaining solution was distilled 
at high vacuum without a Vigreux tube. The receiving flask contained one crystal of 
phenothiazine as a radical inhibitor. The clear product (4.62g, 0.025 mol., 83.3% yield) 
was stored under N2 (g) in the refrigerator. NMR (CDCI3 ); NMR WGH004.610: 3 
6.16-5.84 (m, 1H), 3 3.77 (t, 6 H, J  = 6.37Hz.), 3 1.62-1.44 (m, 10H), 3 1.44-1.28 (m,
10H), 3 0.91 (t, 12H, /  = 7.3 Hz.).
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Anhydrides:
(E)-l-Hexenyl Boronic Acid Anhydride:
(E)-l-Hexenyl boronic acid (5.0g, 0.044 mol.) was placed in a 500 ml, single neck, round 
bottom flask equipped with a Dean-Stark distillation apparatus and a condenser. The flask 
was heated to reflux. The benzene/water azeotrope was removed from the collection arm of 
the Dean-Stark trap until the distillate was very clear. The flask was cooled, and the 
remaining benzene was removed under reduced pressure. The crude yield was 50% (7.2 lg, 
0.022 mol.). *H NMR (CDCI3 ); XH NMR HOL007.453: 3 6.97 (dt, 1H, J  = 5.8 Hz.,
17.6 Hz.), 9 5.53 (d, 1H, J  = 17.6 Hz.), 9 2.36-2.12 (m, 2H), 3 1.60-1.12 (m, 4H), 9 
0.91 (t, 3H, 7 = 1 7 .2  Hz.).
(E)-l-Pentenyl Boronic Acid Anhydride:
Prepared the same as (E)-l-hexenyl boronic acid anhydride but used (E)-l-pentenyl boronic 
acid. XH NMR (CDCI3 ); XH NMR GH002.707: 9 6.93 (dt, 1H, J  = 6 .8  Hz., 17.9 Hz.), 9
5.56 (d, 1H, / =  17.9 Hz.), 9 2.22 (dt, 2H, 7 = 7.8 Hz., 7.8 Hz.), 3 1.60-1.38 (m, 2H), 3 
0.86 (t, 3H, J  = 6 .8  Hz.).
(E)-l-Octenyl Boronic Acid Anhydride:
Prepared the same as (E)-l-hexenyl boronic acid anhydride but used (E)-l-octenyl boronic 
acid. XH NMR (CDCI3 ); >H NMRHOL008.207: 9 6.96 (dt, 1H, J  = 5.9 Hz., 17.1 Hz.), 9
5.53 (d, 1H, /  = 17.1 Hz.), 9 2.26-2.11 (m, 2H), 9 1.51-1.16 (m, 8 H), 3 0.88 (t, 3H, J  =
5.9 Hz.).
Silvl Ethers
l-TrimethylsilyIoxy-3-butyne:
Trimethylsilyl chloride (TMSC1) (0.0856 mol., 9.29g) was slowly added, via syringe, to a 
dry, single neck, 250 ml. roundbottom flask containing 3-butyn-l-ol (0.0428 mol., 2.99g) 
in 100 ml CH2 CI2  at 0'C. The reaction mixture was warmed to room temperature, stirred
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for 4 hours, and quenched using 100 ml water. Subsequent separation of the layers enabled 
the CH2 CI2  layer to be washed with water and NaHCC>3 solutions. The CH2 CI2  was
removed under reduced pressure followed by the dissolution of the residue in diethyl ether. 
The solution was washed by two portions of 100 ml of water. The product was then dried 
with MgSC>4 , filtered, and the diethyl ether was removed under reduced pressure. The final 
product was then distilled from 75’C-113'C under a high vacuum resulting in a yield of 
25.9% (1.58g, 0.011 mol.). NMR (CDCI3 ); NMR GH006.618: 3 3.71 (t, 2H, J  = 7.21 
Hz.), 3 2.41 (dt, 2H, J  = 2.73 Hz., 6.98 Hz.), 3 1.98 (t, 1H, J  = 2.47 Hz.), 3 0.13 (s, 
9H).
l-(t-B utyIdim ethylsilyIoxy)-3-butyne:
Prepared the same as l-trimethylsilyloxy-3-butyne using the same proportions except using 
t-butyldimethylsilyl chloride. *H NMR (CDCI3 ); NMR GH011.614: 3 3.74 (t, 2H, J  =
7.27 Hz.), 3 2.40 (dt, 2H, J  = 2.61 Hz., 7.06 Hz.), 3 1.95 (t, 1H, J  = 2.44 Hz.), 3 0.90 (s, 
9H), 3 0.07 (s, 6 H).
1-(t-Butyldim ethyIsilyloxy)-3-butene:
l-Trimethylsilyloxy-3-butyne (1.84g, 0.01 mol.), cyclohexane (15 ml), and Lindlar catalyst 
(lOOmg, palladium on calcium carbonate, poisoned with lead) were placed in an appropriate 
hydrogenation bottle and hydrogenation was carried out for three hours. The solution was 
then filtered through Celite, and the cyclohexane was removed under reduced pressure. The 
yield was 60% ( l . l lg ,  0.006 molO^H NMR (CDCI3 ); NMR GH006.620: 3 5.81 (m, 1H),
3 5.06 (m, 2H), 3 3.65 (t, 2H, J  = 6.81 Hz.), 3 2.27 (q, 2H, /  = 6.81 Hz.), 3 0.89 (s, 9H),
3 0.05 (s, 6 H).
THP Ethers
2-(3'-ButynyIoxy)- tetrahydropyran:
In a 250 ml roundbottom flask equipped with a condenser, 3-butyn-l-ol (0.071 mol.,
4.98g.), dihydropyran (0.284 mol., 23.9g), and p-toluenesulfonic acid monohydrate 
(0.0035 mol., 0.675g) were added to excess CH2 CI2 . The solution was heated to reflux for
4 hours. The solution was washed with NaHCC>3 (saving the lower layer) dried with
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MgSC>4 , and filtered. The solvent was removed under reduced pressure. The crude yield 
was >100% (25.79g, 0.179 mol.). The subsequent products were separated by normal 
phase, liquid flash chromatography. NMR (CDCI3 ); NMR GH011.610: d 4.64 (s, 1H),
3 3.94-3.77 (m, 2H), d 3.62-3.45 (m, 2H), d 2.54-2.44 (m, 2H), d 1.99 (s, 1H), d 
1.92-1.44 (m, 6 H).
2-(2'-Propynyloxy)- tetrahydropyran:
Prepared the same as 2-(3'-butynyloxy)- tetrahydropyran, but the proportions were as 
follows: propargyl alcohol (0.086 mol., 4.82g), 20 ml dihydropyran, p-toluenesulfonic 
acid monohydrate (0.0081 mol., 1.55g) in 100 ml CH2 CI2 . The crude yield was >100%
(24.84g, 0.177 mol.). NMR (CDCI3); NMR WGH011.651: d 4.82 (t, 1H,7= 3 .17  
Hz.), d 3.90-3.77 (m, 2H), d 3.59-3.48 (m, 2H), d 2.03 (s, 1H), d 1.95-1.44 (m, 6H).
Nitrones and Hvdroxvl amines 
N-Phenylhydroxylamine:
A 1L, three-necked, round bottom flask was equipped with a stir bar, thermometer, and a 
powder funnel. Freshly distilled nitrobenzene (17.7g, 0.144 mol.), ammonium chloride 
(lOg, 0.187 mol.), and 320ml of water were added to the flask. The mixture was stirred 
while slowly adding zinc dust (21.24g, 0.325 mol.) over 15 minutes. The temperature rose 
to approximately 50’C-60'C. When the temperature ceased to increase, the warm mixture 
was immediately filtered through Celite in a Buchner funnel. The Celite was washed with a 
100ml of hot water. The filtrate was cooled in an ice bath, saturated with sodium chloride, 
and placed in a separatory funnel. The solution was extracted with three portions of 
dichloromethane (150ml). The organic solvent was removed under reduced pressure, 
yielding yellowish crystals. Again, a minimum amount of dichloromethane was added to the 
yellowish crystals to dissolve them. The flask was chilled in an ice bath, and hexanes were 
added dropwise until the N-phenylhydroxylamine precipitated from the solution. The white 
precipitate was filtered out using a Buchner funnel and then washed with cold hexanes. The 
white, needle-like crystals were then placed in an Erlenmeyer flask and the remaining
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hexanes were removed under reduced pressure, yielding 8.04g (51% yield) of 
N-phenylhydroxylamine. The melting point was 78'-79'C (lit. m.p. 80.5-8 
4-Chlorophenyl-N-Hydroxylamine:
Prepared the same as N-phenylhydroxylamine but starting with p-chloronitrobenzene. Yield 
of this reaction was 21.5%, and the melting point was 9TC (lit. m.p. 86.5 'C )^. 
a,N-Diphenylnitrone:
N-Phenylhydroxylamine (lg, 0.009 mol.) was dissolved in a minimum amount of warm 
absolute ethanol. Benzaldehyde (0.96g, 0.009 mol.) was added dropwise while gently 
swirling the solution. The solution was placed under a N2 (g) atmosphere and into the freezer
overnight. The white, crystalline product was collected in a Buchner funnel and washed 
with cold diethyl ether. The crystals were then placed in an Erlenmeyer flask and the 
remaining diethyl ether was removed under high vacuum pressure. The product (lg, 56% 
yield) was stored in a dark glass container under N2 (g). NMR (CDCI3 );
HOL008.117: 3 8.4 (m, 2H), 3 7.92 (s, 1H), 3 7.77 (m, 2H), 3 7.4-7.6 (m, 6 H). 13c 
(CDCI3 ); 13c HOL008.121: 3 149.01,3 134.51,3 130.85,3 130.60,3 129.84,3 129.08,
3 128.96,3 128.56,3 121.68. IR (DMSO): 3056.0, 1592.0, 1573.0, 1551.0, 1487.0,
1459.0, 1191.5, 999.5, 888.0, 773.0, 688.0 c n r l .  
a-4-Hydroxyphenyl-N-phenylnitrone:
Prepared the same as a,N-diphenylnitrone but used p-hydroxybenzaldehyde. Melting point 
was 206'-208'C. 1h  NMR (DMSO-dg); *H HOL009.116:3 10.2 (s, 1H), 3 8.38 (t, 4H, J 
= 8.35 Hz.), 3 7.89 (d, 2H, J = 7.66 Hz.), 3 7.51 (q, 4H), 3 6 .8 8  (d, 2H, J = 8.58 Hz.).
13c NMR (DMSO-d6 ); 13C HOL009.117: 3 159.77,3 148.59,3 133.26, 3 131.30,3
129.42.3 129.08,3 122.78,3 121.39,3 115.38. IR (DMSO): 3445.5, 3104.5, 3095.0,
3068.0.2926.0, 2849.0, 2793.5, 2659.5, 1604.5,1581.5, 1560.0, 1506.0, 1486.5,
1458.5, 1393.0, 1281.0, 1248.0, 1187.5, 1168.0, 850.5, 754.5, 660.5 cm-1. 
a-Phenyl-N-4-chIorophenyInitrone:
Prepared the same as a,N-diphenylnitrone but used the hydroxylamine of 
l-chloro-4-nitrobenzene.Melting point was 173'-174’C ( Literature value 18l'C). NMR 
(CDCI3 ); l H HOL008.116: 3 8.37 (m, 2H), d 7.88 (s, 1H), a 7.72 (dt, 2H), d 7.46 (m,
4H), 3 7.41 (s, 1H). 13C NMR (CDCI3 ); 13C HOL008.120: 3 147.36,3 135.71,3
134.53.3 131.14, 3 130.37,3 129.23,3 129.06,3 128.64,3 122.98.
OI o OCo C) A. <T) x
CO
OO
o
oo
I
i
CD
_
o
~ T )
"0
o  o
o  00
LP<
O
-i O m -i q
O X  n  o  X o  O
O
CO
CO
O
j
o”0 uL/» X~D mto Lr __^ O
~V >  —i CD r ~
o
to > o
C l o O  O
n
u O oo m  m> CO 1
—i — * CO x
ro o  ^
O  70
om
uc
 n

1 7 
0 
1 60 
1 50 
1 4 
0 
1 3 
0 
1 2 
0 
110 
P
P
M
VD G * —» (T. ■tk U  M I t
~0
m
> VO 09 «n L n o L> •Sj
A U» v/> U ' V/I —< A I
X
r~ -ft. v~> V /' LT> v/>
-
X*.
W W  N> VO V/* VO V/* VO o —1 V-H 09 u \ > o V r VD V r VO 0 s
X X X  
X X X  
X  X  X
VO KD VO VP VO 
VO —J N J - *
a
V.-J 
—♦ 
*—«
X X  X o c? o  u > o 2: L n UJ OJ ' J •'J O _
X X  X
v/»
• J
o u *  VO 
u
4»
X
fs j
n VO
l / t
09
u
U i
o
•O NJ
1' u>
X X X . .. w 53 - J  o VO c r o M h * C* VO U»
-* oO 3co rCO
OO
CO
O
GO
-< o
O Xco
o  o  m mO 03
Co
o
X
e*5~ x  ~o .- o -  cr 
- - o  co • .m m 
 c g _  ....■ _Li —> ; Co
 r - ro : o 2
Cx
51
N-phenyI-N-(l-phenyIpropyl)-N-hydroxylamine:
In a sealed tube was placed a,N-diphenylnitrone (0.25g, 1.27 mmol.) in 5ml of benzene. 
The sealed tube was degassed with nitrogen. Triethylborane (1.5ml, 1.5 mmol.) in a 1M 
solution with hexanes was added via syringe. The tube was sealed and stirred for two days 
at reflux in a 120'C silicone oil bath. The reaction mixture was transferred to a 50ml round 
bottom flask, and the benzene was removed under reduced pressure. Diethyl ether (10ml), 
water (1 0 ml), and 1 pellet of sodium hydroxide were added to the round bottom flask and 
the mixture was stirred for four hours. The solution was placed in a separatory funnel and 
extracted three times with 50ml portions of dichloromethane. The dichloromethane solution 
was dried with anhydrous sodium sulfate, and then the drying agent was removed by 
filtration. The solvent was removed under reduced pressure to obtain 0.19g (65% yield) of 
yellow solid. NMR (CDCI3 ); JH HOL008.129: 8  8.56 (s, 1H), 0 7.39-6.67 (m, 10H),
3 4.57 (t, 1H, J  = 6.91 Hz.), 8  2.15-1.97 (m, 1H), 8  1.97-1.78 (m, 1H), 0 0.91 (t, 3H, J  = 
7.24 Hz.). 13C NMR (DMSO-dg); 13C HOL007.264: 8  152.67, 8  140.53, 3 128.65,8 
128.18, 8  127.52,8 126.58,0 119.34,8 115.45,8 68.87,8 25.30,8 11.53. Mass 
spectrum; MS DKH362: 211 amu 11%, 182 amu (base peak) 100%, 104 amu 25%, 91 amu 
29%, 77 amu 28%. JR (DMSO): 3490.5-3403.5, 1684.5, 1596.5, 1582.5, 1483.0, 1473.0,
1449.5, 1439.5, 1351.5, 1296.5, 1222.5, 1153.0,774.5,694.0,637.5 c n r 1. 
N-4-ChIorophenyl-N-(l-phenylpropyl)-N-hydroxylamine:
Prepared the same as N-phenyl-N-(l-phenylpropyl)-N-hydroxylamine but used 
a-phenyl-N-4-chlorophenylnitrone. The crude yield was 6 6 % ( 0.38g, 1.45 mmol.).
NMR (CDCI3 ); *H NMR HOL008.105: 0 7.43-6.34 (m, 10H), 0 4.15 (t, 1H, J  = 6.57
Hz.), 8  1.79 (m, 2H), 8  0.92 (t, 3H, /  = 7.37 Hz.). Mass spectrum; MS DKH359: 245 
amu 13%, 216 amu (base peak) 100%, 138 amu 20%, 111 amu 21%, 91 amu 29%, 78 amu 
13%. IR (DMSO): 3311.5, 2961.0, 1624.5, 1598.5, 1577.5, 1514.5, 1492.0, 1452.5, 
1321.0,1254.0, 1191.0, 1176.5, 1086.5,829.0, 757.5,706.5, 660.0cm -1. 
N-Phenyl-N-(l,4-propylphenoI)-N-hydroxyIamine:
Prepared the same as N-phenyl-N-(l-phenylpropyl)-N-hydroxylamine but used 
a-4-hydroxyphenyl-N-phenylnitrone. The crude yield was 70% ( 0.48g, 1.97 mmol.). 
NMR (CDCI3 ); HOLOIO.141: d 7.28-6.36 (m, 11H), d 5.16 (s, 2H), d 4.08 (t, 1H,7  =
6.53 Hz.), 8  1.86-1.55 (m, 2H), 8  0.84 (t, 3H, J  = 7.45 Hz.). 13C NMR (CDCI3 ); 13C
5 2
HOLOIO.159: d 154.47, d 135.90, d 128.97, d 127.63, d 117.34, 3 115.49, 3 113.71, 3 
97.52, 3 31.19. Mass spectrum; MS DKH380A.D: 134 amu (base peak) 100%, 115 amu 
18%, 107 amu 43%, 91 amu 23%, 77 amu 46%, 51 amu 40%, 39 amu 49%. IR (DMSO):
3038.5, 1396.5, 1334.5, 1313.0, 996.5, 943.0, 925.5,900.5, 689.0, 659.5 cm '1. 
a,N-Diphenylnitrone and (E)-l-hexenyl ethylene glycol boronate ester 
reaction
a,N Diphenylnitrone (3.0g, 0.0152 mol.), (E)-l- hexenyl ethylene glycol boronate ester 
(2.34g, 0.0152 mol.), and toluene (150 ml) were placed in a 250 ml, dry, round bottom, 
single neck flask equipped with a reflux condenser, magnetic stir bar, and N2 (g) line. The
solution was refluxed for seven days. The crude yield was 4.43g. The unreacted (E)-l~ 
hexenyl ethylene glycol boronate ester was removed by Kugel-Rohr distillation. The 
remaining pot oil was chromatographed using reverse phase gel with a 
dichloromethane/hexanes solvent system. *H NMR (CDCI3 ); HOL009.140: 3 7.59-7.18 
(m, 360H), 3 6.85-6.59 (dd, 40H, J  = 15.95 Hz., 26.7 Hz.), 3 2.99 (m, 40H), 3 1.83-1.64 
(m, 50H), 0 1.64-1.46 (m, 50H), 3 1.02 (t, 55H, J  = 7.21 Hz.). 13c NMR (CDCI3 ); 13C
HOL009.145: 3 145.74,3 136.23,3 132.00,3 129.34,3 128.81,3 128.62,3 126.84,3 
124.51,3 120.77,3 27.76,3 26.49,3 23.05,3 13.94. Mass spectrum; MS DKH#3374:
279 amu 7%, 263 amu 9%, 250 amu 9%, 237 amu 28%, 220 amu 33%, 160 amu 46%, 130 
amu 29%, 104 amu 54%, 91 amu 34%, 77 amu (base peak) 100%, 51 amu 22%.
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( 5 72 ) S c a n  1 5 . 5 8 0  mi n .  of* DRTR2 : DKH3 5 9 . D
a
cc
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2 . 0 E + 5
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Ma s s . ^ C h a r q e
S c a n  1 5 . 5 8 0  m i n .  o f  D A T A 2 : D K H 3 S 9 . D
A M U . A b u n d a n c e A M U . A b u n d a n c e A M U . A b u n d a n c e
2 5 .  9 0 1 0 3 2 . 0 0 5 7 . 4 5 8 7 1 . 0 0 8 6 . 9 5 3 7 9 8 . 0 0
2 6  .  9 0 1 4 9 4 2 . 0 0 5 9 .  9 5 4 4 6 . 0 0 8 7 . 9 5 2 9 1 8 . 0 0
2 7 .  9 0 2 9 9 4 . 0 0 6 0 .  9 5 1 6 1 0 . 0 0 8 8 .  9 5 2 0 4 0 0 . 0 0
2 9 .  9 0 2 6 6 6 4 . 0 0 6 1  .  9 5 5 9 9 6 . 0 0 8 9 . 9 5 1 5 5 0 9 . 0 0
2 9 . 7 5 9 9 3 . 0 0 6 2  .  9 5 2 3 6 0 8 . 0 0 9 1  . 0 5 1 5 7 2 4 8 . 0 0
3 2  . 7 0 5 3 9 . 0 0 6 3 .  9 5 8 7 8 0 . 0 0 9 1  .  9 5 1 5 6 0 3 . 0 0
3 4  .  2 0 5 5 2  . 0 0 6 4 . 9 5 1 4 1 9 0 . 0 0 9 3 .  1 5 1 4 3 4  . 0 0
3 5 .  0 5 6 2 0 . 0 0 6 5 . 9 5 1 1 1 9 . 0 0 9 7 . 0 0 1 2 2 9 . 0 0
3 5 . 7 0 8 5 5 . 0 0 6 6 . 8 0 4 0 0 . 0 0 9 8 . 0 0 1 7 2 6 . 0 0
3 6  .  7 0 7 4 0 . 0 0 6 9 . 0 5 6 0 9 . 0 0 9 9 . 0 0 5 9 7 6 8 . 0 0
3 7  .  9 5 1 1 9 4 . 0 0 7 0 . 0 5 3 6 4 . 0 0 1 0 0 . 0 0 7 4 2 5 . 0 0
3 8 .  9 5 4 2 3 5 . 0 0 7 1  . 8 0 9 5 8 . 0 0 1 0 1 . 0 0 2 1 1 7 6 . 0 0
3 9 . 7 0 9 2 1 . 0 0 7 2 . 9 5 1 2 1 2 6 . 0 0 1 0 2 . I S 1 2 9 9 0 . 0 0
3 9 .  9 5 9 1 8 . 0 0 7 3 . 9 5 8 9 7 9 . 0 0 1 0 3 . 0 0 2 3 4 0 3 . 0 0
4 3  .  9 5 1 7 5 1 . 0 0 7 4  .  9 5 4 0 5 8 4 . 0 0 1 0 4 . I S 2 6 1 5 2 . 0 0
4 3 .  3 0 3 6 2 . 0 0 7 5 .  9 5 1 8 6 6 4 . 0 0 1 0 5 . 1 5 4 7 7 8 . 0 0
4 9 .  9 5 1 2 9 7 . 0 0 7 6  .  9 5 6 0 1 4 4 . 0 0 1 0 6 . 0 0 8 4 0 . 0 0
4  9 .  9 5 1 2 1 5 0 . 0 0 7 7 . 9 5 7 2 8 9 6 . 0 0 1 0 7 . 1 5 2 E 9 . 0 0
5 0 .  9 5 1 8 7 1 2 . 0 0 7 8 . 9 5 1 1 0 9 0 . 0 0 1 0 8 . 1 5 1 6 1 2 . 0 0
5 1  .  9 5 6 9 9 6 . 0 0 7 9 . 9 5 6 2 7 . 0 0 1 0 8 . 9 0 8 9 6 . 0 0
5 2  .  9 5 1 6 0 4 . 0 0 8 3 . 3 0 1 3 7 2 . 0 0 1 1 0 . 0 0 9 7 7 . 0 0
5 5 .  4 5 2 9 2 . 0 0 8 4 . 9 5 4 4 2 4 . 0 0 1 1 1 . 0 0 1 1 3 4 3 2 . 0 0
5 5 .  S 3 4 5 3 . 0 0 8 5 . 8 0 2 0 6 2 . 0 0 1 1 2 . 0 0 1 0 5 4 9 . 0 0
Scan 1 5 . 5 8 0  w i n .  of  DATA2: DKH359. D
A M U . A b u n d a n c e A M U . A b u n d a n c e A M U . A b u n d a n c e
1 1 5 . 0 0 4 0 5  1 6 . 0 0 1 4 9 . 1 5 8 8 1 . 0 0 1 9 3 . 0 5 3 2 3 2 . 0 0
1 1 4 , 0 0 5 4 7 S . 0 0 1 5 0 . 0 0 3 3 5 0 . 0 0 1 9 4 . 2 0 2 7 9 9 . 0 0
1 1 5 . 1 5 2 8 3 5 3 . 0 0 1 5 1 . 0 0 1 3 4 6 3 . 0 0 1 9 5 . 3 0 7 2 6  . 0 0
1 1 5 . 0 0 7 9 6 5 . 0 0 1 5 2 . 0 0 2 7 3 6 8 . 0 0 1 9 9 . 0 5 2 7 4 . 0 0
1 1 7 . 1 5 2 0 3 8 4 . 0 0 1 5 3 . 0 0 1 1 3 1 6 . 0 0 2 0 1 . 2 0 7 8 3 . 0 0
1 1 3 . 1 5 6 9 3 2 . 0 0 1 5 4 . 0 5 1 0 5 8 2 . 0 0 2 0 7 . 0 5 4 8 3  . 0 0
1 1 3 . 1 5 2 0 1 1 2 . 0 0 1 5 5 . 2 0 2 3 7 3 . 0 0 2 0 9 . 2 0 1 1 2 7 . 0 0
1 2 0 .  1 5 1 1 3 1 . 0 0 1 6 2 . 2 0 5 2 8 . 0 0 2 1 0 . 2 0 1 3 9 1 . 0 0
1 2 1 . 2 5 2 9 0 . 0 0 1 6 3 . 0 5 1 5 3 4 . 0 0 2 1 4 . 0 5 2 5 1 4 4 . 0 0
1 2 2  . 5 5 1 1 2 0 . 0 0 1 6 4 . 0 5 2 3 4 4 . 0 0 2 1 5 . 1 5 8 2 2 7 . 0 0
1 2 3 . 9 0 9 7 6 . 0 0 1 6 5 . 0 5 3 5 2 0 . 0 0 2 1 6 . 1 5 5 5 1 6 8 0 . 0 0
1 2 5 . 0 0 4 7 3 3 . 0 0 1 6 6 . 0 5 4 7 5 3 . 0 0 2 1 7 . 1 5 7 2 0 6 4 . 0 0
1 2 6 . 0 0 4 7 0 4 8 . 0 0 1 6 7 . 0 5 3 9 9 9 . 0 0 2 1 8 . 1 5 1 7 4 7 8 4 . 0 0
1 2 7 . 0 0 2 9 9 3 8 . 0 0 1 6 8 . 2 0 7 0 2 7 . 0 0 2 1 9 .  1 5 2 1 4 4 9 . 0 0
1 2 8 . 0 0 1 9 4 1 6 . 0 0 1 7 0 . 0 5 1 9 1 3 . 0 0 2 2 0 . 1 5 1 5 1 3 . 0 0
1 2 9 . 0 0 9 5 5 1 . 0 0 1 7 0 . 8 0 3 4 6 . 0 0 2 2 4 . 2 5 2 5 5 . 0 0
1 3 0 . 1 5 9 1 6 2 . 0 0 1 7 4 . 2 0 2 4 8 . 0 0 2 2 8 . 0 0 1 1 0 0 . 0 0
1 3 1 . 1 5 3 7 4 3 . 0 0 1 7 6 . 2 0 7 8 2 . 0 0 2 2 9 .  1 5 5 7 5 . 0 0
1 3 2 . 1 5 2 7 5 5 . 0 0 1 7 7 . 0 5 3 1 1 3 . 0 0 2 3 0 . I S . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 6 3 . 0 0
1 3 3 . 1 5 1 9 5 4 . 0 0 1 7 8 . 2 0 5 7 1 6 . 0 0 2 4 4 , 1 5 5 3 0 3 . 0 0
1 3 4 .  1 5 3 5 6 . 0 0 1 7 9 . 0 5 5 4 3 8 . 0 0 2 4 5 . 1 5 7 4 3 0 4 . 0 0
1 3 7  . 0 0 2 9 9 0 . 0 0 1 8 0 . 0 5 2 8 5 6 0 . 0 0 2 4 6 . 1 5 1 4 9 6 4 . 0 0
1 3 3 . 0 0 1 1 0 5 8 3 . 0 0 1 8 1 . 2 0 3 1 5 1 2 . 0 0 2 4 7 . 1 5 2 4 0 5 4 . 3 0
1 3 9 . 0 0 1 I  9 9 1  . 0 0 1 8 2 . 2 0 4 0 4 4 . 0 0 2 4 8 . 1 5 4 6 0 J . 0 0
1 4 0 . 0 0 3 9 1 2 0 . 0 0 1 9 3 . 0 5 8 2 9 . 0 0 2 5 3 . 5 0 2 8 6 . 0 0
1 4  1 . 0 0 4  1 1 9 . 0 0 1 9 1  . 0 5 8 6 0 . 0 0
1 4 2 . 0 0 1 1 8 3 . 0 0 1 9 2 . 0 5 1 2 7 8 . 0 0
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( 1 5 2 )  S c a n  8 . 4 1 5  mi n . o f  DATf l : DKH380H. D
i 3 4
15 0 0 0 : 1 0 ?
115
5 0 0 0  i
8 04 0 1 2 0
M a s s / C h a r g e
S c a n  6 . 4 1 5  r c i n .  o f  D A T A : D K H 3 8 0 A . 0
A M U . A b u n d a n c e A M U . A b u n d a n c e A M U . A b u n d a n c e
2 6  . 0 0 1 8 6 4 . 0 0 5 4 . 9 5 4 8 2 2 . 0 0 9 0 . 0 0 6 3 9 . 0 0
2 7 . 0 0 8 0 2 2 . 0 0 5 7 . 2 0 3 3 8 . 0 0 9 1  . 0 0 5 4 0 9 . 0 0
2 8 . 0 0 4 6 0 4 . 0 0 5 7 . 9 5 2 6 6 . 0 0 9 4 . 0 0 1 0 8 4 . 0 0
2 8 . 9 0 2 0 6 6 . 0 0 5 9 . 0 5 2 9 4 . 0 0 1 0 2 . 0 0 8 7 0 . 0 0
3 1  . 0 5 3 2 1 . 0 0 8 0 . 9 5 9 1 4 . 0 0 1 0 3 . 0 0 3 3 2 1 . 0 0
3 1  . 9 5 7 5 1 . 0 0 6 1  . 9 5 2 3 5 3 . 0 0 1 0 5 . 0 0 8 8 0 0 . 0 0
3 7 . 0 5 9 1 8 . 0 0 6 3 . 0 5 4 9 1 7 . 0 0 1 0 6 . 0 0 9 0 8 . 0 0
3 7 . 9 5 2 4 1 7 . 0 0 6 5 . 0 5 4 6 2 2 . 0 0 1 0 7 . 0 0 1 0 1 2 1 . 0 0
3 9 . 0 5 ! 1 5 4 2 . 0 0 5 5 . 9 5 4 2 9 5 . 0 0 1 0 8 . 0 0 7 8 2  . 0 0
4 0 . 0 5 1 7 4 9 . 0 0 6 6 . 9 5 1 5 1 2 . 0 0 1 1 5 . 0 0 4 1 4 9 . 0 0
4 1  . 0 5 1 2 7 0 . 0 0 6 7 . 9 5 4 4 9 . 0 0 1 1 6 . 0 0 1 6 7 3 . 0 0
4 2 . 0 5 3 9 8 . 0 0 7 2 . 9 5 . 3 8 8 . 0 0 1 1 7 . 0 0 2 9 8 7 . 0 0
4 3 . 0 5 9 7 5 . 0 0 7 3 . 9 5 2 0 4 0 . 0 0 1 1 8 . 0 0 7 3 5 . 0 0
4 5 . 3 0 1 1 5 . 0 0 7 4 . 9 5 1 2 7 6 . 0 0 1 1 9 . 0 0  . 2 2 1 9 . 0 0
4 5 . 7 0 1 3 2 . 0 0 7 5 . 9 5 1 0 1 8 . 0 0 1 2 0 . 1 5 2 2 3 . 0 0
4 9 . 0 5 5 2 6 . 0 0 7 6 . 9 5 1 0 8 6 4 . 0 0 1 3 1 . 0 0 1 7 9 2 . 0 0
5 0 . 0 5 4 8 4 9 . 0 0 7 7 . 9 5 4 0 5 2 . 0 0 1 3 2 . 0 0 5 2 5 . 0 0
5 0 . 9 5 9 3 7 3 . 0 0 7 8 . 9 5 5 5 5 2 . 0 0 1 3 3 . 0 0 1 9 6 0 0 . 0 0
5 1  . 9 5 3 4 0 0 . 0 0 8 0 . 9 5 3 5 9 . 0 0 1 3 4 . 0 0 2 3 6 4 8 . 0 0
5 3 . 0 5 4 4 5 4 . 0 0 8 5 . 9 5 6 1 7 . 0 0 1 3 5 . 0 0 2 1 8 1 . 0 0
5 3 . 9 5 4 2 9 . 0 0 8 9 .  1 5 2 0 3 0 . 0 0
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S c a n  1 7 . 8 3 3 m  i  n .  o f  Q A T A 2 : 0 K H 4 3 3 7 4 . D
A M U  . A b u n d a n c e A M U . A b u n d a n c e A M U . A b u n d a n c  e
2 6  .  9 0 1 2 6 5 . 0 0 6 3 . 8 0 8 4 8 . 0 0 1 0 2 . 1 5 2 2 8 2 . 0 0
2 8 . 9 0 2 4 7 9 . 0 0 6 4 . 9 5 3 2 2 3 . 0 0 1 0 3 . 0 0 3 5 7 7 . 0 0
3 0 .  1 5 3 1 6 . 0 0 6 6 . 9 5 5 3 8 . 0 0 1 0 4 . 0 0 1 8 6 2 4 . 0 0
3 1  . 9 5 4 6 0 . 0 0 7 4 . 9 5 7 7 0 . 0 0 1 0 5 . 0 0 5 6 2 8  . 0 0
3 7 . 7 0 4 1 6 . 0 0 7 5 . 9 5 2 2 8 4 . 0 0 1 0 6 . 0 0 1 3 2 4 . 0 0
3 7 . 9 5 4 3 8 . 0 0 7 6 . 9 5 3 4 2 1 6 . 0 0 1 0 8 . 5 0 6 0 3 . 0 0
3 8 . 9 5 2 0 9 3 . 0 0 7 7 . 9 5 4 2 7 3 . 0 0 1 0 9 . 4 0 4 5 1 . 0 0
4 0 . 0 5 9 7 0 . 0 0 7 3 . 9 5 1 2 3 9 . 0 0 1 1 5 . 0 0 2 8 7 6 . 0 0
4 0 . 9 5 2 3 7 5 . 0 0 8 0 . 3 0 2 3 1 . 0 0 1 1 6 , 0 0 1 8 5 0 . 0 0
4 1  .  9 5 7 2 8 . 0 0 8 0 . 7 0 2 3 7 . 0 0 1 1 7 . 0 0 4 4 2 3 . 0 0
4 2 . 9 5 1 1 3 2 . 0 0 8 7 . 9 5 3 3 4  . 0 0 1 1 8 . 1 5 4 2 8 6  . 0 0
4 9 .  9 5 1 1 2 1 . 0 0 3 8 . 9 5 4 7 6 7 . 0 0 1 1 9 . 0 0 1 2 5 4  . 0 0
5 0 .  9 5 7 5 9 2 . 0 0 8 9 . 9 5 2 9 9 2 . 0 0 1 2 0 . 0 0 6 2 3 . 0 0
5 2  .  9 5 6 3 8 . 0 0 9 0 . 9 5 1 1 8 0 4 . 0 0 1 2 7 . 1 5 7 8 7 . 0 0
5 5 . 0 5 9 8 6 . 0 0 9 2 . 0 5 2 4 4 5 . 0 0 1 2 8 . 1 5 3 4 1 1 . 0 0
6 1  .  9 5 5 3 9 . 0 0 9 3 . 0 0 4 4 4 6 . 0 0 1 2 9 . 0 0 3 4 1  1 . 0 0
5 2 . 9 5 2 1 0 7 . 0 0 9 4 .  1 5 5 6 2 . 0 0 1 3 0 . 1 5 9 9 2 9 . 0 0
S c a n  1 7 . 8 3 3 w i n .  o f  D A T A 2 : D K H # 3 3 7 4 . D
A M U . A b u n d a n c e A M U . A b u n d a n c e A M U . A b u n d a n c e
1 3 1 . 0 0 3 8 7 3 . 0 0 1 8 2 . 2 0 7 5 5 . 0 0 2 2 1  .  1 5 5 S 6 0 . 0 0
1 3 3  . 1 5 8 0 2 . 0 0 1 8 6 . 2 0 9 7 6 . 0 0 2 2 2 .  1 5 1 4 5 0 . 0 0
1 4 2  .  1 5 5 9 6 . 0 0 1 9 1 . 0 5 4 7 8 . 0 0 2 2 3 . 2 5 3 5 2 . 0 0
1 4 3 . 1 5 1 3 0 2 . 0 0 1 9 4 . 0 5 3 4 5 6 . 0 0 2 3 4 . 1 5 1 4 1 1 . 0 0
1 4 4 . 0 0 2 0 0 0 . 0 0 1 9 5 . 0 5 6 1 6 . 0 0 2 3 6 .  1 5 2 9 8 0 . 0 0
1 4 5 .  1 5 7 0 4 . 0 0 2 0 2 . 0 5 4 5 3 8 . 0 0 2 3 7 . 1 5 5 6 5 7 . 0 0
1 5 2 . 0 0 9 5 3 . 0 0 2 0 4 . 0 5 2 0 1 5 . 0 0 2 3 8 . 1 5 1 6 3 0 . 0 0
1 5 3 . 2 0 4 7 9 . 0 0 2 0 5 . 0 5 1 1 3 1 . 0 0 2 4 8 .  1 5 1 0 2 5 . 3 0
1 6 0  . 2 0 1 5 7 0 1 . 0 0 2 0 6 . 0 5 4 3 6 2 . 0 0 2 5 0 . 1 5 3 2 2 4 . 0 0
1 6  1 . 0 5 2 6 8 8 . 0 0 2 0 7 . 0 5 1 I 9 8 . 0 0 2 5 1  .  1 5 1 0 1 1 . 0 0
1 6 5 . 0 5 1 3 1 9 . 0 0 2 0 8 . 0 5 3 8 7 4 . 0 0 2 6 2  .  1 5 2 7 5 4 . 0 0
1 6 7 . 9 5 3 5 1 . 0 0 2 0 9 . 0 5 1 2 5 1 . 0 0 2 6 3 .  1 5 3 0 3 8 . 0 0
1 7 8 . 0 5 1 4 4 6 . 0 0 2 1 7 . 1 5 3 9 6 . 0 0 2 7 8 . 2 0 1 5 2 3 . 0 0
1 7 9 . 0 5 1 1 2 1 . 0 0 2 1 8 . 1 5 1 1 5 4 . 0 0 2 7 9 . 2 0 2 3 8 8 . 0 0
1 8 0 . 0 5 1 6  1 2 . 0 0 2 1 9 . 1 5 6 6 9 . 0 0 2 8 0 . 3 0 5 1 1 . 0 0
1 8 1 . 0 5 7 4 1 . 0 0 2 2 0 . 1 5 1 1 4 5 9 . 0 0 2 8 1 . 0 5 5 1 7 . 0 0
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